Introduction
The turnover of the gastrointestinal epithelium is very rapid and is completed over a 3-to 5-day period. The mammalian intestinal mucosa undergoes a process of continual renewal characterized by active proliferation of stem cells in the crypts, progression of these cells up the crypt-villus axis with cessation of proliferation and subsequent dierentiation. The dierentiated enterocytes then undergo a process of programmed cell death (i.e., apoptosis) and extrusion into the gut lumen (Simon and Gordon, 1995) . Aberrant regulation of cell proliferation, dierentiation and apoptosis is thought to play an important role in the establishment of gut neoplasia (Kinzler and Vogelstein, 1996) .
Prostaglandins (PG) are arachidonic acid derivates that mediate important functions involved in the regulation of intestinal epithelial cell homeostasis (Eberhart and DuBois, 1995) . PGs synthesis depends on the activity of a constitutively expressed and an inducible PG endoperoxide synthase/cyclo-oxygenase (COX-1 and COX-2, respectively) (Williams and DuBois, 1996) . Mounting evidence indicates that COX-2 may play an important role as an early event in colorectal carcinogenesis (Williams et al., 1997; Prescott and Fitzpatrick, 2000) . In fact, COX-2 is overexpressed in 80 ± 90% of colorectal adenocarcinomas and in 40 ± 50% of premalignant adenomas (Williams et al., 1997) , and inactivation of the COX-2 gene in mice is associated with decreased intestinal tumorigenesis (Oshima et al., 1996) . Reduced prostaglandin biosynthesis through the inhibition of COX-2 activity is thought to be the molecular basis for the chemopreventive eects of nonsteroidal anti-in¯amma-tory drugs (NSAIDs) on colorectal tumorigenesis in both human and rodents (Williams et al., 1997; Prescott and Fitzpatrick, 2000) . COX-2 may facilitate colon cancer progression by stimulating cell proliferation and survival (Tsujii and DuBois, 1995; Sheng et al., 1998) , tumor cell invasiveness (Tsujii et al., 1997) and the production of angiogenic agents in colon cancer cells (Tsujii et al., 1998) .
Polypeptide growth factors are also known to regulate gastro-intestinal homeostasis by aecting cell proliferation, dierentiation and apoptosis (Podolsky, 1993) . In particular, insulin-like growth factors (IGF-I and IGF-II), are important modulators of growth in normal and transformed intestinal epithelial cells (Humbel, 1990; Singh and Rubin, 1993) . IGF-I and IGF-II are small peptides structurally related to insulin and both exert their mitogenic activity through type I IGF receptor (IGF-Ir) (Humbel, 1990) . A large percentage of tumors express IGF-II (Singh and Rubin, 1993; Zhang et al., 1997) , and almost all primary human colon cancers and colon cancer cell lines are positive for IGF-I receptor (Guo et al, 1992; Singh and Rubin, 1993) . Also, experimental evidences from our and other laboratories indicate that an autocrine IGF-II/IGF-Ir signal transduction pathway stimulates proliferation and inhibits dierentiation of cultured colon cancer cells (Pommier et al., 1992; Garrouste et al., 1997; Zarrilli et al., 1994 Zarrilli et al., , 1996 Zarrilli et al., , 1999a .
We have recently studied the eects of NSAIDs on proliferation and dierentiation of the human colon carcinoma cell line Caco-2, an intestinal epithelial cell line that dierentiates spontaneously in culture, showing features of small bowel enterocytes (Pinto et al., 1983) . Aspirin treatment inhibits proliferation of Caco-2 cells and induces the enterocyte-like dierentiation of the cells before they reach con¯uency. These eects are associated with a dose-dependent reduction in IGF-II mRNA expression (Ricchi et al., 1997) .
In the present study, we investigated whether the IGF-II/IGF-Ir pathway may activate COX-2 expression and PGE 2 synthesis in Caco-2 cells. We show that COX-2 expression and activity are regulated during dierentiation of the cells, being elevated when they actively proliferate and low when they cease to grow and dierentiate. We demonstrate a direct correlation between COX-2 and IGF-II expression in Caco-2 cell transfectants that constitutively overexpress IGF-II. We also show that the blockade of an IGF-Irdependent pathway inhibits COX-2 expression and PGE 2 synthesis, and induces apoptosis in Caco-2 cells. We postulate that IGF-II/IGF-Ir-mediated growth and tumor progression of colon cancer cells may depend at least in part on the up-regulation of COX-2 expression and activity.
Results
Cyclo-oxygenase-2 (COX-2) mRNA expression and prostaglandin E 2 (PGE 2 ) synthesis in parental, control NEO and IGF-II-transfected Caco-2 cells Our previous data demonstrated that aspirin dosedependently inhibited proliferation and induced apoptosis of parental Caco-2 cells. The inhibition of growth was associated with a reduction in IGF-II mRNA expression and with the induction of the enterocyte-like dierentiation of the cells (Ricchi et al., 1997) . This ®nding suggested that aspirin by reducing IGF-II expression in turn downregulated cyclo-oxygenase activity and increased apoptosis in Caco-2 cells. To investigate whether an IGF-II/IGF-Ir-dependent pathway regulated cyclo-oxygenase expression in Caco-2 cells, we analysed COX-1 and COX-2 mRNA expression during dierentiation of parental and IGF-IItransfected Caco-2 cells that constitutively overexpress IGF-II . Northern blot analysis did not show any detectable mRNA levels of either COX-1 or COX-2 during all days of culture of parental or control NEO-transfected Caco-2 cells. On the contrary, COX-2, but not COX-1, mRNA expression was detectable in IGF-II-transfected Caco-2 cells ( Figure  1a and data not shown). COX-2 mRNA expression in IGF-II-transfected cells was highest at day 4 of culture and decreased by twofold at day 8 and 14 of culture.
To study COX-1 and COX-2 mRNA expression by a more sensitive technique, we used a semiquantitative RT ± PCR approach. COX-1 or COX-2-speci®c oligonucleotides were co-ampli®ed with those complementary to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for a number of cycles (30) at which the reaction was still linear. GAPDH primers were added after 10 cycles. Speci®c COX-1 transcripts were not ampli®ed in cDNA samples from either parental or control NEO-or IGF-II-transfected Caco-2 cells (data not shown). On the contrary, COX-2 mRNA transcripts were detected in parental and NEO-or IGF-IItransfected Caco-2 cells by RT ± PCR analysis ( Figure  1b ). COX-2 mRNA expression was regulated during dierentiation of Caco-2 cells, being 10-fold higher in proliferating cells compared with post-con¯uent dierentiated cells. COX-2 mRNA levels were 10-fold higher in proliferating IGF-II-transfected cells compared with parental or control NEO-transfected cells. Also, COX-2 mRNA expression was still elevated in post-con¯uent IGF-II-transfected Caco-2 cells, being only twofold reduced compared with precon¯uent cells (Figure 1b) .
To evaluate whether IGF-II dose-dependently stimulated COX-2 expression, we analysed COX-2 mRNA expression in four independent clones of IGF-II-transfected cells that expressed dierent amounts of IGF-II . A direct correlation was found between COX-2 and IGF-II Figure 1 Cyclo-oxygenase-2 (COX-2) mRNA expression in parental, control NEO-and IGF-II-transfected Caco-2 cells. Total RNA was isolated from cells grown in complete medium (DMEM supplemented with 10% FBS) at dierent days of culture. (a) Northern blot analysis of COX-2 transcripts in control NEO-and IGF-II-transfected Caco-2 cells at days of culture indicated. Twelve mg of total RNA were loaded. The same ®lters were sequentially hybridized to human COX-2 and human 28 S rRNA probes. (b) RNA samples extracted at days of culture indicated from parental, control NEO-and IGF-II-transfected Caco-2 cells were coampli®ed by RT ± PCR analysis with COX-2-and GAPDH-speci®c primers. PCR ampli®cations were performed for 30 cycles, and GAPDH primers were added after 10 cycles. Ampli®ed PCR products are indicated on the left side of the autoradiograms. A representative autoradiograph of four separate experiments is shown. (c) RNA samples extracted at day 8 of culture from one control NEO-and four IGF-II-transfected independent clones of Caco-2 cells were coampli®ed by RT ± PCR analysis with COX-2-and GAPDH-speci®c primers. RT ± PCR pro®les were identical to those shown in (b). Ampli®ed PCR products are indicated on the left side of the autoradiograms. A representative autoradiograph of four separate experiments is shown expression, the clones expressing highest (IGF-cl. 1), intermediate (IGF-cl. 4 and 9), or lowest (IGF cl. 2) levels of transfected IGF-II showing the highest, intermediate, or lowest COX-2 mRNA levels, respectively (r=0.94, p=0.016) ( Figure  1c ).
We also studied whether dierences in COX-2 mRNA expression were associated with those in PGE 2 synthesis in parental, control NEO-and IGF-II-transfected Caco-2 cells. As shown in Figure 2 , PGE 2 levels progressively decreased from day 4 (400 pg/mg protein) to day 14 of culture (30 pg/mg protein) in parental and control NEO-transfected Caco-2 cells. On the contrary, PGE 2 levels were fourfold higher in IGF-II-transfected cells compared with control NEO Caco-2 cells at day 4 of culture (1530 pg/mg protein) and still elevated at day 8 and 14 of culture (754 and 200 pg/mg protein, respectively).
The above data therefore demonstrated that COX-2 expression and activity were regulated during dierentiation of Caco-2 cells and suggested that they were stimulated by an IGF-II-dependent pathway.
Effect of IGF-I receptor blocking antibody a-IR3 on COX-2 mRNA expression in Caco-2 cells
We have shown previously that the eects of IGF-II on cell growth and dierentiation of Caco-2 cells are mediated by the IGF-I receptor . To investigate whether the eect of IGF-II on COX-2 up-regulation was mediated through activation of IGF-I receptor, we analysed COX-2 mRNA expression in precon¯uent Caco-2 cells following treatment with a monoclonal antibody (aIR3) that blocks the binding sites of IGF-I receptor (Flier et al., 1986) . aIR3 monoclonal antibody inhibited COX-2 mRNA expression to 50% compared with control untreated cells, while the same concentration of the isotypic control antibody MOPC-21 had no eect ( Figure 3 ).
Effect of dominant negative IGF-I receptor transfection on COX-2 mRNA expression in Caco-2 cells
To directly demonstrate that IGF-II/IGF-Ir pathway might stimulate COX-2 expression, we inhibited the endogenous IGF-I receptor by stably transfecting Caco-2 cells with a dominant negative type I IGF receptor (dnIGF-Ir) harboring a mutation in the ATP binding site (Kato et al., 1993) .
A pool of clones and several independent clones of dnIGF-Ir-transfected cells were isolated and characterized for the expression of COX-2 mRNA levels and PGE 2 synthesis during their proliferative phase (day 4 of culture). COX-2 mRNA expression was reduced by 2 ± 3-fold in a pool of dnIGF-Ir-transfectants compared with a pool of control NEO-transfectants. Also, COX-2 mRNA levels were reduced by 4 ± 10-fold in seven out of 10 dnIGF-Ir-transfected independent clones compared with parental or control NEO-transfected cells. An example of COX-2 mRNA levels in a pool and three independent clones of dnIGF-Ir-transfected cells is shown in panel (a) of Figure 4 . We also studied whether the decrease of COX-2 mRNA levels in dnIGF-Irtransfected cells was associated with a reduction of PGE 2 synthesis. As shown in panel (b) of Figure 4 , PGE 2 levels were threefold and 3 ± 5-fold reduced in a pool and in three independent clones of dnIGF-Irtransfectants compared with a pool and one independent clone of control NEO-transfected cells, respectively (108 and 126 to 78 pg/mg protein versus 397 and 375 pg/mg protein, respectively). COX-2 mRNA and PGE 2 levels were undetectable in dnIGF-Ir-transfectants at day 8 and 14 of culture (data not shown).
Effect of MAPK-kinase or PI3-kinase inhibition on COX-2 mRNA expression and PGE 2 synthesis in Caco-2 cells
We have shown previously that Caco-2 cell proliferation is stimulated by autocrine IGF-II synthesis through activation of type I IGF-I receptor . To identify the signal transduction pathway that mediates IGF-II/IGF-Ir autocrine stimulus of cell growth, we have studied the eects of either PI3-kinase or MAPK-kinase inhibition on IGF-Irdependent proliferation. Both basal and exogenous IGF-I (10
H-thymidine incorporation of Caco-2 cells were reduced by more than 90% following incubation with the PI3-kinase inhibitor LY294002 at the concentration of 50 mM for 24 h. On the contrary, basal and exogenous IGF-I-dependent 3 H-thymidine incorporation were reduced by 60% in the presence of the MAPK-kinase inhibitor PD098059 at 40 mM for 24 h (data not shown). PI3-kinase and MAPK-kinase inhibitors at the doses used reduced cell growth without aecting cell viability because: (i) no increase in the percentage of apoptosis was observed at the end of both treatments; (ii) cells were able to restart to proliferate after drug withdrawal (data not shown).
To evaluate whether the signal transduction pathways that mediate the proliferative stimulus by IGF-Ir also regulate COX-2 expression and PGE 2 synthesis, we analysed in the same set of experiments the eects of MAPK-kinase and PI3-kinase inhibition on COX-2 mRNA expression and PGE 2 synthesis. COX-2 mRNA expression in control NEO-and IGF-II-transfected Caco-2 cells treated with the PI3-kinase inhibitor decreased by 40 and 70%, respectively. Also, COX-2 mRNA expression in control NEO-and IGF-IItransfected Caco-2 cells treated with the MAPK-kinase inhibitor decreased by 30 and 40%, respectively (Figure 5a ). PGE 2 synthesis was reduced by approximately 80% in both NEO-and IGF-II-transfected Caco-2 cells treated with the PI3-kinase inhibitor, while decreased by 30 and 40% in NEO-and IGF-IItransfected Caco-2 cells following treatment with the MAPK-kinase inhibitor (Figure 5b ). Altogether, these data suggested that the PI3-kinase pathway mediated both the mitogenic eect of IGF-Ir and the IGF-II/ IGF-Ir-dependent up-regulation of COX-2 expression and activity.
Effect of NS398 COX-2 inhibitor on apoptosis of parental, dnIGF-Ir-and IGF-II-transfected Caco-2 cells It has been shown previously that one of the mechanisms responsible for COX-2 induction of colon carcinogenesis relies on the impairment of apoptosis (Tsujii and DuBois, 1995; Sheng et al., 1998) . To evaluate the eect of IGF-II/IGF-I receptor pathwaydependent COX-2 activity on apoptosis in Caco-2 cells, we analysed the percentage of sub-G1 population by DNA¯ow cytometry in parental and dnIGF-Irtransfected cells. Spontaneous apoptosis occurred in 6 and 8% of parental and dnIGF-Ir-transfected Caco-2 cells at day 4 of culture, respectively. The percentage of cells in the sub-G1 fraction increased to 11% both in parental and dnIGF-Ir-transfected cells following treatment with NS398 speci®c COX-2 inhibitor at 50 mM for 72 h (Figure 6a ). At day 14 of culture, spontaneous apoptosis occurred in 15% of parental cells, and this value increased to 28% following treatment with NS398. On the contrary, dnIGF-Irtransfected cells at day 14 of culture showed higher levels of spontaneous apoptosis than parental cells and low or no increase of apoptosis following treatment with NS398 (Figure 6b) . Thus, either the decrease of COX-2 activity during the days of culture or that caused by treatment with NS398 stimulated apoptosis of parental and dnIGF-Ir-transfected Caco-2 cells. We Figure 4 Eect of dominant negative IGF-I-receptor transfection on COX-2 mRNA expression and PGE 2 synthesis in Caco-2 cells. (a) RT ± PCR analysis of COX-2 mRNA expression. RNA samples extracted from cells grown in complete medium (DMEM supplemented with 10% FBS) at day 4 of culture from control NEO-and dnIGF-Ir-transfected pools and independent clones of Caco-2 cells were coampli®ed by RT ± PCR analysis with COX-2-and GAPDH-speci®c primers. PCR ampli®cations were performed for 30 cycles, and GAPDH primers were added after 12 cycles. Ampli®ed PCR products are indicated on the left side of the autoradiograms. A representative autoradiograph of four separate experiments is shown. (b) PGE 2 synthesis in control NEO-and dnIGF-Ir-transfected pools and independent clones of Caco-2 cells. PGE 2 concentration in the total extracts of cells at day 4 of culture was assessed as described in the Materials and methods section. Values shown are means+s.d. of four experiments run in triplicate also analysed the eect of NS398 COX-2 inhibitor on apoptosis in IGF-II-transfected Caco-2 cells because they expressed high levels of COX-2 and PGE 2 . As shown in Table 1 , NS398 COX-2 inhibitor at 50 mM increased apoptosis in parental but not in IGF-IItransfected cells. A higher concentration of NS398 (100 mM) was necessary to increase apoptosis in IGF-II transfectants, thus suggesting that COX-2 overexpression rendered IGF-II-transfected cells more resistant to apoptosis than parental Caco-2 cells.
Discussion
This study demonstrates that IGF-II up-regulates COX-2 expression and PGE 2 synthesis in Caco-2 colon carcinoma cells and that this eect is mediated by the activation of IGF-I receptor.
Cyclo-oxygenase activity has been indicated as the rate-limiting step in colon carcinogenesis (Prescott and Fitzpatrick, 2000) . Experimental evidences suggest that COX-2 may facilitate colon cancer progression by increasing cell growth and survival (Tsujii and DuBois, 1995; Sheng et al., 1998) , tumor cell invasiveness (Tsujii et al., 1997) and tumor angiogenesis (Tsujii et al., 1998) . We used Caco-2 cells as a model system to study the mechanisms that regulates COX-2 expression in colon cancer cells. Caco-2 cells express COX-2, but not COX-1, mRNA levels, expression being variable in dierent studies probably due to dierent clones of Caco-2 cells used and/or dierent experimental conditions (Kutchera et al., 1996; Tsujii et al., 1997 Tsujii et al., , 1998 Kamitani et al., 1998) .
Our data show that COX-2 mRNA expression and PGE 2 synthesis are regulated during dierentiation of Caco-2 cells, being 10-fold higher in proliferating cells compared with dierentiated post-con¯uent cells. We have previously shown that IGF-II and IGF-Ir expression is co-ordinately regulated during dierentiation of Caco-2 cells being elevated in proliferating precon¯uent cells and low in quiescent post-con¯uent cells . Thus, COX-2 expression positively correlates with IGF-II and IGF-Ir expression in Caco-2 cells. We therefore investigated whether the IGF-II/IGF-Ir pathway may regulate COX-2 expression and PGE 2 synthesis in Caco-2 cells. Our data show that COX-2 expression in Caco-2 cells that constitutively overexpress IGF-II is 10-fold higher The biological eects of IGFs in colon cancer cells are mediated through the activation of the IGF-I receptor (Pommier et al., 1992; Singh and Rubin, 1993; Garrouste et al., 1997; Zarrilli et al., 1994 Zarrilli et al., , 1996 Zarrilli et al., , 1999a Remacle-Bonnet et al., 2000) . We ®nd that treatment of Caco-2 cells with a blocking antibody to the IGF-I receptor inhibits COX-2 mRNA expression by 50% and that stable transfection of Caco-2 cells with a dominant negative IGF-I receptor reduces COX-2 mRNA expression and PGE 2 synthesis. These data indicate that IGF-II-dependent up-regulation of COX-2 expression in Caco-2 cells is mediated through activation of IGF-I receptor.
Constitutive IGF-II overexpressing Caco-2 cells show increased proliferative rate and delayed inhibition of growth at con¯uence . Conversely, dnIGF-Ir-transfected Caco-2 cells have reduced growth rate in the absence of serum and are not able to respond to exogenously added IGF-I or IGF-II (data not shown). The data reported herein show that COX-2 expression is elevated in IGF-II overexpressing cells and low in dnIGF-Ir transfected cells. This suggests that COX-2 expression in Caco-2 cells is up-regulated by the proliferative stimulus driven by autocrine IGF-II through IGF-Ir. This ®nding is in agreement with previous data showing that COX-2 expression in intestinal epithelial cells can be stimulated by transforming growth factor-a (DuBois et al., 1994) . In addition, a recent report has shown that epidermal growth receptor activation by TGF-a induces COX-2 protein translocation to the nucleus and the release of prostaglandins into the basolateral medium of polarized colon cancer cells (Coey et al., 1997) .
The blockade of the PI3-kinase pathway, that mediates most of the proliferative eects of IGF-Ir in Caco-2 cells, inhibits IGF-II-dependent COX-2 upregulation and PGE 2 synthesis. Concordingly, it has been demonstrated that arachidonic acid of platelet microparticles induces COX-2 expression through a PI3-kinase-dependent pathway in a human monocytoid cell line (Barry et al., 1999) . Our data are also in agreement with those obtained in dierent experimental systems showing that a PI3-kinase-dependent pathway mediates the proliferative eects of IGF-I receptor (Dufourny et al., 1997; Rubin and Baserga, 1995) . It has been recently demonstrated that COX-2 expression in colon cancer cells is mediated by the activation of nuclear factor kappa B (NF-kB) (Plummer et al., 1999; Kojima et al., 2000) . Because the PI3-kinase signaling pathway through AKT kinase is able to activate NF-kB (Romashkova and Makarov, 1999) , we can speculate that COX-2 up-regulation by IGF-II/IGF-I receptor in Caco-2 cells might be mediated through a PI3-kinase/AKT/NF-kB-dependent pathway. Further experiments will be necessary to validate this hypothesis.
We also found that either the decrease in COX-2 activity occurring during the days of culture or that induced by NS398 COX-2 inhibitor is accompanied by an increase in apoptosis in parental and dnIGF-Irtransfected Caco-2 cells. Interestingly, the highest values of spontaneous apoptosis are obtained in dnIGF-Ir transfectants at day 14 of culture in which COX-2 mRNA and PGE 2 levels are undetectable. Also, IGF-II-transfected cells that overexpress COX-2 are more resistant to NS398-induced apoptosis compared with parental Caco-2 cells. Mounting evidence indicates that COX-2 over-expression through PGE 2 synthesis protects colon cancer cells from apoptosis (Tsujii and DuBois, 1995; Sheng et al., 1998) . Concordingly, the activation of IGF-I receptor protects colon cancer cells from death factor-induced apoptosis (Remacle-Bonnet et al., 2000) . Therefore, based on our data we can speculate that COX-2 activity mediates the antiapoptotic eect of IGF-I receptor in colon cancer cells.
In conclusion, our study suggests that increased COX-2 expression and PGE 2 synthesis mediate the eects of the IGF-II/IGF-Ir pathway activation on growth and tumor progression of colon cancer cells.
Materials and methods

Cell culture
Caco-2 cells were cultured as described previously (Pinto et al., 1983; Pignata et al., 1994; Zarrilli et al., 1994) . Cells were seeded at 5610 4 cells/ml and were routinely subcultured when about 80% con¯uent. The culture medium was changed every other day. Con¯uence was reached 6 ± 8 days after inoculum and the stationary phase on day 10. Cells were always 490% viable, as shown by trypan blue exclusion. Generation and mantainance of NEO-and IGF-II-transfected Caco-2 cells have been described previously . Brie¯y, cells were transfected with a plasmid carrying the neomycin resistance gene fused to the Rous Sarcoma Virus promoter or cotransfected with a 1 : 10 ratio of the same plasmid and a vector expressing exons 4 ± 6 cDNA sequences of rat IGF-II under the control of the Rous Sarcoma Virus promoter . Dominant negative IGF-I receptor (dnIGF-Ir) expressing cells were generated by cotransfecting Caco-2 cells with a 1 : 20 ratio of a plasmid carrying the neomycin resistance gene fused to the Rous Sarcoma Virus promoter and a vector expressing the cDNA of human IGF-I receptor harboring a mutation in the ATP binding site under the control of Bovine Papilloma Virus promoter (Kato et al., 1993) . Cells were seeded at 2.5610 5 cells/ml and after 24 h transfected by the Lipofectamine plus procedure as indicated by the manufacturer (Gibco-BRL, Life Technologies, Milano, Italy). Stable transfectants were isolated as single clones in the presence of the neomycin analog G418 (0.6 mg/ml) and further maintained in the presence of 0.4 mg/ml G418 during the course of all the experiments.
RNA isolation and Northern analysis
Total RNA was isolated from Caco-2 cells by the guanidinium thiocyanate acid-phenol procedure and subjected to Northern analysis as described previously (Romano et al., 1998) . In brief, 10 mg of total RNA per lane was separated by electrophoresis in 1% agarose-formaldehyde gels. RNA was transferred to Hybond-N + (Amersham Italia Srl, Milano, Italy), cross-linked (UV Stratalinker-1800, Stratagene, La Jolla, CA, USA), and hybridized to 32 Plabeled cDNA probes. 32 P-labeled isotopes were from Amersham Corp., Milano, Italy. The COX-1 probe was a HindIII/PstI 514-bp fragment corresponding to the 3' end of the human COX-1 cDNA. The COX-2 probe was a 276-bp EcoRI/EcoRI fragment of the human COX-2 cDNA. An oligonucleotide (5'-AACGATCAGAGAGTAGTGGTATTT-CACC-3') complementary to human 28 S rRNA was used as a loading control.
RT ± PCR analysis
RT ± PCR analysis was performed as described previously (Nardone et al., 1996; Zarrilli et al., 1999b) . First strand cDNA was prepared using 200 units of reverse transcriptase (Supertranscript RT, Gibco-BRL), 1 mg of total RNA as template and 10 pM of random hexamers in the presence of 0.1 mM dithiothreitol, 0.5 mM dNTP (Pharmacia) and 20 units of RNase inhibitor (Promega). The reaction pro®le was 378C610 min followed by 428C660 min. To control for contamination by genomic DNA, all RNA samples were run in duplicate with or without addition of reverse transcriptase. Semiquantitative RT ± PCR coampli®cation of COX-2/ GAPDH and COX-1/GAPDH transcripts was performed using COX-1 (sense, CCACCTACAACTCAGCACATG; antisense, CATTTCTCCATCCAGCACCTG), COX-2 (sense, TTCAAATGAGATTGTGGGAAAAT; antisense, AGATCATCTCTGCCTGAGTATCTT), and GAPDH (sense, CACCATCTTCCAGGAGCGAG; antisense, TCACGCCACAGT-TTCCCGGA) -speci®c primers. PCR ampli®cations were performed for 30 cycles using 50 ng of cDNA in the presence of 0.2 mM dNTP (Boehringer Mannheim), 0.3 ml Ampli Taq DNA polymerase (Perkin Elmer) and 1.5 mCi a-32 P dGTP, and GAPDH primers were added after 10 cycles. PCR products were phenol-chloroform extracted, ethanol precipitated and subjected to 5% polyacrylamide gel electrophoresis and autoradiography. Sizes of the ampli®ed fragments were estimated from migration of the 1 Kb ladder molecular weight marker (Gibco-BRL) and identity was assessed by restriction enzyme digestion. To test for contamination by genomic DNA, samples were run in duplicate with (+RT) or without (7RT) the addition of reverse transcriptase. COX-1 and COX-2 transcripts levels were normalized to those of GAPDH. PCR products were quantitated by densitometric scanning of the autoradiograph using a Howtek Scanmaster-3 densitometer with RFL Print-TM software (Pharmacia, Biotech Inc, Cologno Monzese, Italy).
PGE 2 assay
Caco-2 cells grown in complete medium (DMEM supplemented with 10% FBS) at dierent days of culture were collected in ice cold 0.1 M phosphate buer pH 7.4 and passed through a 23 gauge hypodermic needle. PGE 2 concentration in the cell extracts was measured directly in triplicate with a highly sensitive 125 I radioimmunoassay kit according to the procedure indicated by the manufacturer (Amersham Italia Srl, Milano, Italy). Brie¯y, cell extracts were subjected to solid phase extraction and extracted PGE 2 was converted into its methyl oximate derivative using the methyl oximation reagent provided by the manufacturer. Samples were then stored at 7708C in N 2 atmosphere before analysis. Methyl oximate standards in the range of 1.25 to 160 pg PGE 2 per tube were used and the curve calculated by regression analysis. The limit of detection was 1.0 pg PGE 2 in 0.1 ml volume per assay tube. For PGE 2 , cross reactivity with PGE 1 was 5% and with all other PGs less than 0.01%. Results were expressed as pg/mg protein. Protein concentration of cell extracts was determined with the Bradford's dye binding test.
FACS analysis
Cells were trypsinized, pelleted, washed twice with phosphatebuered saline (PBS), ®xed, and permeabilized in 70% ethanol. After washing with PBS, cells were stained in 50 mg/ml propidium iodide plus 0.5 mg/ml ribonuclease A in PBS at 48C for 30 min. The DNA content of cells was analysed with a¯ow cytometer (Becton Dickinson, Mountain View, CA, USA) coupled to a Hewlett-Packard computer. For each sample, 20 000 events were stored in list mode.
Statistical analysis
Signi®cance of dierences was assessed by one-way analysis of variance and, when the F value was signi®cant, by Duncan's multiple range test. Dierences were considered signi®cant if P50.05.
Abbreviations IGF-II, insulin-like growth factor-II; IGF-Ir, IGF-I receptor; dnIGF-Ir, dominant negative IGF-I receptor; COX, cyclo-oxygenase; PG, prostaglandin; NSAIDs, nonsteroidal anti-in¯ammatory drugs; RT ± PCR, reverse transcription polymerase chain reaction; MAPK-kinase, mitogen-activated protein kinase-kinase; PI3-kinase, phosphatidylinositol 3-kinase.
